In the last decades we have witnessed increasingly pronounced climate change worldwide resulting in environment transformation in various regions by making it not convenient for agricultural and livestock production. The global livestock sector contributes to anthropogenic greenhouse gas emission, but on the other hand, it can also deliver a significant share of the necessary mitigation effort. One of the most significant greenhouse gas is methane. Mitigation methods for the methane emissions in cattle can be classified as short and long term. Short-term methods imply increase of production per animal, reduction of number of animals and feeding optimization, while long-term methods imply genetic evaluation and selection based on methane emission variation. Prerequisite for genetic evaluation is selection of optimal indicators and models with high accuracy and easy applicability in routine Animal Recording. Therefore, the objective of this study was to evaluate different models for methane emission estimation in dairy cows based on Animal Recording data. The results obtained indicate that data from regular Animal Recording could be used in estimation of methane emission of dairy Simmental cows enabling the population analysis and genetic evaluation of dairy cattle for methane emission. Given the very high variability determined in estimated methane emission values regarding the used statistical models and aiming high accuracy of genetic evaluation it is recommended to define estimation models for body weight, dry matter intake and methane emission based on parameters (type traits and testday records) of particular dairy cattle population. The stated will enable genetic evaluation of dairy cattle for methane emission as well as selection of cows with lower methane emission intensity. Finally, this will lead to environmentally sustainable milk production.
INTRODUCTION
The changes of climate according to the predictions (IPCC, 2007) become imminent and will have great impact on animal production worldwide. Battisti and Naylor (2009) stated that by 2050, most of the world will experience median temperatures in the summer warmer than the warmest temperatures recorded (period from 1900 to 2006). Peltonen-Sainio et al. (2010) indicated an increasing trend towards the systematic warming of the Earth's climate, particularly Europe, while Trnka et al. (2011) Gauly et al. (2013) stated that in the global warming scenarios, the heat stress of high-producing dairy cows will be an increasing concern of milk producers in Europe. Segnalini et al. (2013) emphasized the necessity of appropriate adaptation strategies development in order to minimize the negative effects of warming in farm animals in the Mediterranean basin. Regarding Europe, GIRA -Consultancy and Research Prospective and Strategie (2012), in the analysis of Regional movements in EU Milk Production, forecasts the movement from regions with intensive farming towards regions around the Atlantic with less intensive farming and more land suitable for pasture (i.e. lower production costs). Currently, agriculture plays an important role in global environmental issues, such as: climate change, land degradation, water pollution and biodiversity loss (FAO, 2013) . Also, there is a common opinion that the global animal production sector, particularly cattle production systems, significantly contribute to an anthropogenic greenhouse gas (GHG) emissions (Mosnier et al., 2017) . It is estimated that total GHG emissions from livestock supply chains represents 14.5% of all anthropogenic emissions (IPCC, 2007) . Regarding the species, cattle are the main contributor to the sector's emissions with about 65% (about 30% comes from milk production, FAO, 2013). One of the most significant greenhouse gases, highly correlated with global warming is methane (1 g CH 4 heats the atmosphere 21 times more than 1 g CO 2 ); about 44% of all greenhouse gasses from livestock sector (FAO, 2013). The global livestock sector can also deliver a significant share of the necessary mitigation effort. Methods for the methane emission reduction in cattle can be classified as short and long term. Short-term methods imply increase of production per animal (consequently decreasing the number of animals needed to produce equal amounts of animal products) and feeding optimization, while longterm methods imply genetic evaluation and selection based on methane emission variation. A prerequisite for genetic evaluation for methane emission is selection of optimal indicators and models that should be highly accurate and easy applicable in routine Animal
Recording. There are many methods for estimation of methane emission that could be characterized as direct and indirect measures . The gold standard to measure methane and GHG emissions is the respiratory chamber. Since this technique is time consuming and costly, i.e. requires a large number of measurements, it cannot be used for genetic evaluation. The methane emission can also be estimated based on feed intake records (Kriss, 1930 
MATERIAL AND METHODS
Dataset containing type traits records of the first parity dairy Simmentals scored from 1997 till 2017 by the field officers of the Croatian Agricultural Agency was used for statistical analysis. After logical control dataset contained 15,143 records. The following variables were used as indicators for methane emission estimation:
-Body weight (BW), -Dry matter intake (DMI). BW was calculated from type traits records as follows:
Body weight (kg) = heart girth (cm) × body length (cm) / 50 (Brem, 1998) Body length (cm) = rump length (cm) + back length (cm) DMI was calculated using following equation The variability of the used type traits (heart girth, rump length and back length) as well as indicators (body weight and dry matter intake) for methane emission estimation is shown in Table 1 . 
V. Gantner et al.: COMPARISON OF STATISTICAL MODELS FOR ESTIMATION OF METHANE ...
The following statistical models for methane emission estimation of dairy Simmental cows based on the calculated DMI were used: -M1. CH 4 SAS/STAT (SAS Institute Inc., 2000) was used for preparation of data and statistical analysis. The variability of estimated methane emission due to used statistical model was determined by least square analyses of variance using the PROC GLM procedure. The significance of the differences between the used statistical models was tested by Scheffe's method of multiple comparisons.
RESULTS AND DISCUSSION
The variability of the estimated methane emission (CH 4 , MJ/d) using seven different statistical models (M1-M7) is presented in Table 2 . The lowest methane emission on the average amount of 10.85 MJ/d was estimated using statistical model 6 (M6), while the highest emission on the average amount of 129.03 MJ/d was estimated using model 1 (M1). Values within the same column marked with different letter differ statistically highly significant (P<0.001)
The analysis of variance of estimated methane emissions showed statistically highly significant (P<0.001) effect of the used statistical model for estimation (M1-M7). Furthermore, Scheffe's test showed that statistically highly significant (P<0.001) difference in methane emission existed between all the tested statistical models (M1-M7, Table 2 ).
It is frequent opinion that livestock sector, especially ruminant production systems, contributes significantly to climate change by emitting GHG. The GHG could be emitted directly from animals (enteric fermentation) or indirectly by feed production, manure management, etc. Due to the high variability in the estimated methane emissions and aiming successful implementation of proper mitigation options it is necessary to develop estimation models based on parameters of particular dairy cattle population.
CONCLUSION
Obtained results indicate that data from regular Animal Recording could be used in estimation of methane emission of dairy Simmental cows enabling the population analysis and genetic evaluation of dairy cattle for methane emission. Given the determined very high variability in estimated methane emission values regarding the used statistical models and aiming high accuracy of genetic evaluation it is recommended to define estimation models for BW, DMI and methane emission based on parameters (type traits and test-day records) of particular dairy cattle population. The stated will enable genetic evaluation of dairy cattle for methane emission as well as selection of cows with lower methane emission intensity. Finally, this will lead to environmentally sustainable milk production.
